We report the detection of emission from the 6.7 GHz (5 1 -6 0 A + ) transition of methanol towards the center of the nearby galaxy NGC 4945. This is the first detection of emission in this transition beyond the local group. The isotropic luminosity of the integrated 6.7 GHz methanol emission is approximately a factor of 10000 greater than that for 6.7 GHz methanol masers associated with Galactic high-mass star formation regions. The methanol emission is resolved on scales smaller than 40 pc and it appears unlikely that it could be due to a large concentration of Galactic-style star formation masers within a small region. Comparison with observations of other methanol transitions suggests that the 6.7 GHz methanol emission is due to a diffuse, low-gain maser, amplifying the background continuum radiation from the nuclear region. The methanol emission is blueshifted with respect to the the systemic velocity of the galaxy by several hundred kilometers per second and lies outside the velocity range associated with the dense gas and neutral hydrogen in the central region of NGC 4945. We speculate that it may be associated with gas entrained in a superwind outflow from the nuclear region.
INTRODUCTION
Methanol masers are well established as a powerful tool for studying high-mass star formation and a range of associated phenomena within the Milky Way. There are a large number of detected methanol maser transitions at centimeter and millimeter wavelengths and these have been empirically divided into two classes (Menten 1991) . Methanol maser pumping models show that the two classes correspond to different pumping regimes (Cragg et al. 1992; Sobolev et al. 1997; Cragg et al. 2005) . The class I methanol masers are collisionally pumped and the strongest and most commonly observed transitions are at wavelengths around 7mm (the 36.2 and 44.1 GHz transitions). Class II methanol masers are radiative pumped and the strongest and most commonly observed transition is the 6.7 GHz (5 1 -6 0 A + ) transition.
Class I methanol masers arise in environments where cool molecular gas and low-velocity shocks are both present.
This includes outflows within high-mass star formation regions (e.g. Plambeck & Menten 1990; Voronkov et al. 2006) , expansion shocks from Hii regions or supernova remnants (e.g. Voronkov et al. 2014; Pihlström et al. 2014) , outflows associated with lowmass star formation (e.g. Kalenskii et al. 2010 ) and bar-shocks in a number of nearby starburst galaxies (e.g. Ellingsen et al. 2014; McCarthy et al. 2017; Gorski et al. 2018) . In contrast to the range of environments which host class I methanol masers, the class II masers are exclusively associated with high-mass star formation regions and arise close to the high-mass protostar (Breen et al. 2013) . To date, more than 1000 6.7 GHz class II methanol maser sources have been detected within the Milky Way (e.g. Caswell et al. 2010; Green et al. 2010; Caswell et al. 2011; Green et al. 2012; Breen et al. 2015) , however, there are only a handful of extragalactic sources known, associated with star formation regions in local group galaxies (e.g. Green et al. 2008; Ellingsen et al. 2010; Sjouwerman et al. 2010) . A number of searches have been undertaken towards extragalactic sources which show megamaser emission from the ground-state OH or 22 GHz water maser transitions, however, none of these have detected any 6.7 GHz emission (Ellingsen et al. 1994; Phillips et al. 1998; Darling et al. 2003) . The only detections of the 6.7 GHz methanol transition beyond local group galaxies are in absorption towards NGC 3079 (Impellizzeri et al. 2008) and Arp 220 (Salter et al. 2008) .
NGC 4945 is a near edge-on (inclination angle 80 • ) barred-spiral galaxy in the Centaurus A/M83 group, located at a distance of approximately 3.7 Mpc (Tully et al. 2013 ) (we assume this distance in all subsequent calculations). It is classified as both a starburst, with a star formation rate approximately four times that of the Milky Way (Bendo et al. 2016 ) and a Seyfert 2 (Marconi et al. 2000) . One notable feature of NGC 4945 is that it hosts the first detected megamaser, observed in the 22 GHz transition of water by Dos Santos & Lepine (1979) . The 22 GHz water maser is located in the circumnuclear disk less than a parsec from the dynamical center (Greenhill et al. 1997 ) and recent ALMA observations have detected a number of higher frequency water maser transitions from the same region (Humphreys et al. 2016; Hagiwara et al. 2016 ). NGC 4945 is also one of only a small number of extragalactic sources where class I methanol masers at 36.2 GHz have been detected (McCarthy et al. 2017 (McCarthy et al. , 2018 . The methanol maser emission peaks at a similar velocity to the 22 GHz water maser emission, but is significantly offset from the nucleus and appears to lie at the interface between the bar and inner spiral arm McCarthy et al. 2018) . The nature of the extragalctic class I methanol masers and their relationship to dynamical structures in the host galaxy is still poorly understood and as part of a larger program to better understand the molecular gas in the class I methanol maser region we have commenced a study of centimetre molecular tracers with the Australia Telescope Compact Array (ATCA), including the 6.7 GHz class II methanol maser transition. Here we report the results of some of these observations, focusing in particular on a number of methanol transitions at frequencies between 5 and 10.5 GHz and the 6 GHz excited OH transitions.
OBSERVATIONS
The ATCA was used to observe NGC 4945 on 2017 June 28. The array was in the H214 configuration (baseline lengths between 82 and 247 m when using only the inner 5 antennas). The Compact Array Broadband Backend (Wilson et al. 2011 ) was configured with 2 × 2048 MHz bands, centred at frequencies of 5.7 and 9.7 GHz. Within each of the 2048 MHz bands there were several "zoom-bands" with spectral channels of width 31.25 kHz and a bandwidths of either 96 MHz or 128 MHz (corresponding to 3072 and 4096 channels per zoom-band, respectively).
The data were reduced with miriad following the standard data reduction techniques for ATCA observations. Amplitude calibration was with respect to PKS B1934−638 and PKS B1253−055 was observed as the bandpass calibrator. The absolute flux density calibration is estimated to be accurate to 10%. The observing strategy interleaved 10 minutes on NGC 4945 (pointing centre α = 13 h 05 m 27.50 s ; δ = −49
• 28 ′ 06.0 ′′ (J2000)) with 2 minute observations of a nearby phase calibrator (PNMJ 1326−5256) before and after the target source. The total duration onsource for NGC 4945 was approximately 4.25 hours. The strong continuum emission from the central region of NGC 4945 was then used to self-calibrate the data prior to continuum subtraction. This significantly improves the signal to noise for both the continuum and line datasets. Table 1 summarises the transitions observed, the assumed rest frequency and the RMS noise levels in the image cubes which where created with 12 km s −1 velocity channels. We use the Barycentric velocity frame throughout in this paper. Subtracting 4.61 km s −1 gives the equivalent velocity in LSR frame for NGC 4945.
RESULTS
We detected emission from two of the four methanol transitions observed (the 6.7 GHz 5 1 -6 0 A + and the 5.0 GHz 3 1 -3 1 A ± ), the 5.3 GHz 1 10 -1 11 CH 2 NH (methanimine) transition and absorption in all four of the 6 GHz excited OH transitions. The H104α and H105α recombination line transitions were included in observed zoom bands and emission was detected from both of these. Figure 1 shows the spectra of each of these transitions extracted from the self-calibrated images cubes. With the exception of the 6 GHz OH spectrum, all the transitions are shown on the same horizontal and vertical scale to make it easier to compare the relative velocity range and intensity of the detected transitions. The black arrows in the spectra in Fig. 1 mark the systemic velocity for NGC 4945 (563 km s −1 Barycentric), determined from Hi observations (Koribalski et al. 2004) , while the red arrows mark the peak velocity of the 36.2 GHz methanol maser emission detected by McCarthy et al. (2017) . Fig. 1 shows that the absorption profile is similar for each of the four 6 GHz OH lines, with the maximum absorption near the velocity of the strongest 36.2 GHz methanol emission and a secondary peak close to the system velocity. The peak and integrated intensity and velocity range of the emission from each transition are summarized in Table 1 . We have defined the velocity range to be those velocities over which the emission is (near) continuously greater than the 3σ level.
This represents the first detection of the 6.7 GHz 5 1 -6 0 A + transition of methanol in emission beyond a localgroup galaxy. For the 5.0 GHz 3 1 -3 1 A ± transition of methanol we can only find one previous reported detection in the literature of weak, broad emission towards Sgr B2 (Robinson et al. 1974) . Sensitive observations towards the dark cloud TMC-1 (Kalenskii et al. 2004 ), the RCW49 Hii region (Benaglia et al. 2013) and class II methanol maser source G 345.010+1.792 (Chipman et al. 2016 ), all reported non-detections.
We can place 3σ upper limits on the peak intensity of any emission from the 9.9 GHz 9 −1 -8 −2 E and 10.1 GHz 4 3 -5 2 A − transitions of methanol of 3.6 and 3.3 mJy, respectively. For the integrated intensity we consider a conservative upper limit to be the 2σ level in the non-detected transition multiplied by the velocity range (which is approximately 350 km s −1 for most of the detected transitions). This gives upper limits on the integrated emission in the 9.9 and 10.1 GHz methanol transitions of 840 mJy km s −1 and 770 mJy km s −1 , respectively. From Table 1 , we can see that these upper limits are of similar magnitude to the integrated intensity in the satellite OH transitions, which we readily detected, so we can be confident that the integrated intensity does not exceed these values.
Interstellar emission from methanimine (CH 2 NH) has been detected in a small number of galactic highmass star formation regions (e.g. Halfen et al. 2013; Suzuki et al. 2016) . It has also previously been detected in few extragalactic sources known to be rich in complex molecules, such as Arp 220 (Salter et al. 2008 ) and NGC 253 (Martín et al. 2006) . We can now add NGC 4945 to that list. Recent theoretical work has shown that the 5.3 GHz 1 10 -1 11 CH 2 NH emission in Sgr B2 is consistent with weak maser emission produced through collisional excitation (Faure et al. 2018) . A number of recombination line transitions have previously been observed towards NGC 4945 (Roy et al. 2010; Bendo et al. 2016) , with the recent ALMA observations of the H42α transition providing a much more sensitive and high resolution dataset than the current observations.
DISCUSSION

Nature of the 6.7 GHz emission
In this paper we focus our attention on the 6.7 GHz methanol emission. The other detections are also of interest and they will be analysed in detail in an upcoming publication, however, the results are provided here primarily for comparison with the 6.7 GHz methanol emission. Figure 1 shows the methanol, methanimine and recombination line transitions detected are all broadly similar in intensity, with peak intensities of around 10 mJy and velocity widths of around 350 km s −1 . However, they differ considerably in the velocity range, with the molecular transitions all significantly blueshifted with respect to the systemic velocity of the galaxy, while the recombination line transitions are approximately centred on the systemic velocity. In fact, the Figure 1 . ATCA spectra of the spectral lines detected toward NGC 4945 in the current observations. All spectra have been extracted from the image cubes. The black arrow shows the systemic velocity of NGC 4945 and the red arrow the velocity of the strongest 36.2 GHz methanol maser emission. For the 6.7 GHz methanol and 5.3 GHz CH2NH spectra the green line shows the best fit single component Gaussian profile and the red line shows the best fit constant velocity spherical outflow profile. For the 6 GHz OH lines, the velocity scale is with respect to the 6.035 GHz transition and the velocities for the 6.016, 6.030 and 6.049 GHz transitions are offset by −914, −216 and +696 km s −1 respectively. methanol and methanimine emission detected here extends well beyond the velocity range where strong emission is observed in integrated spectra of either dense gas tracers such as HCN and CS (Green et al. 2016; Henkel et al. 2018 ), molecular gas tracers such as CO (Curran et al. 2001) or even Hi (Whiteoak & Gardner 1977; Koribalski et al. 2004) . For each of these, the emission covers a velocity range of approximately 370 -800 km s −1 . The emission we detect from the 6.7 GHz methanol transition is blueshifted to the point where essentially it is all outside the expected range, while the emission from the 5.0 GHz methanol and 5.3 GHz methanimine transitions show some emission blueshifted beyond the expected range and some emission overlapping. The absorption observed in the 6 GHz excited OH transitions differs from all the other molecular transitions in Fig. 1 in that all transitions show two components, the strongest at the approximate velocity of the 36.2 GHz class I methanol maser and a secondary component at the systemic velocity.
All of the transitions shown in Fig. 1 were observed simultaneously and as some transitions show emission in the expected range and others don't there is no reason to believe that the velocity offset is due to a technical issue with the system. Furthermore, we have recently undertaken additional observations with the ATCA in the H75 array configuration where the 6.7 GHz methanol, 5.3 GHz methanimine and 6 GHz OH transitions were observed with coarse (1 MHz) spectral resolution simultaneously in the same 2 GHz bandpass and these show the same velocity pattern. We have not presented these additional data here, as they have poorer angular and spectral resolution and so add no new information, beyond confirming the initial detections.
There have been two previous searches for 6.7 GHz methanol emission toward NGC 4945, both of which reported no detection (Ellingsen et al. 1994; Phillips et al. 1998) . Ellingsen et al. (1994) used the Parkes 64m telescope and obtained an RMS noise level of 20 mJy at a velocity resolution of 7.8 km s −1 , while Phillips et al. (1998) used the ATCA (750D array configuration) and achieved an RMS noise level of 160 mJy at 7 km s −1 velocity resolution. Since our peak flux density is significantly lower than the RMS of either of these two previous observations, we would not expect them to have detected this emission.
The highest flux peak flux density 6.7-GHz methanol emission from a Galactic source is found in G 9.62+0.20 (∼5200 Jy; Green et al. 2010) , which is at a distance of 5.1 kpc (Sanna et al. 2014) . It is also one of the most luminous Galactic sources in terms of its integrated emission. The 6.7 GHz methanol emission toward NGC 4945 has a peak intensity of 11.2 mJy at 340 km s −1 . For an assumed distance to NGC 4945 of 3.7 Mpc (Tully et al. 2013) , this means its peak intensity is equivalent to ∼5800 Jy at 5.1 kpc, very similar to G 9.62+0.20. However, the intense emission for G 9.62+0.20 covers a very small velocity range (integrated intensity 2211 Jy km s −1 ; Breen et al. 2012) , and so the 2.62 Jy km s −1 integrated intensity observed for NGC 4945 corresponds to a factor of about 600 greater luminosity than observed for G 9.62+0.20. The isotropic luminosity of the integrated 6.7 GHz methanol emission detected towards NGC 4945 is 4.5 × 10 8 Jy km s −1 kpc 2 (0.25 L⊙) around 10000 times greater than that observed in typical 6.7-GHz methanol masers associated with high-mass star formation regions (10 −5 -10 −6 L⊙) (Green et al. 2017 ) and around a factor of 8 greater than that of the 36.2 GHz class I methanol maser toward NGC 4945.
The broad spectral profile of the 6.7 GHz methanol emission towards NGC 4945 is suggestive of thermal emission. Thermal emission (and absorption) is observed from the 6.7 GHz methanol transition towards some Galactic star formation regions (e.g. Caswell et al. 1995) , however, the Einstein A coefficient is relatively small and thermal emission from this transition is orders of magnitude lower in luminosity than the maser emission detected towards the same regions. For the H214 array configuration, when we use the inner five antennas, we obtain an angular resolution of around 25 arcseconds at 6.7 GHz, corresponding to a linear scale of 450 pc (Figure 2) . The other ATCA antenna (known as antenna 6) is approximately 4500 m from the inner five antennas and we calibrated the data from this antenna, along with the inner five. When we form spectra using only baselines to antenna 6 we do not detect any significant emission for any of the molecular line or recombination line transitions (the RMS noise is approximately a factor of 40% higher than the spectra shown in Fig. 1) , showing that the majority (perhaps all) of the emission is resolved out on angular scales of around 2 ′′ (corresponding to linear scales of 40 pc).
It is possible for a collection of unresolved sources to mimic the behaviour of more diffuse emission (see equation 1 of Reid et al. 1981) . Assuming isotropic emission, the integrated luminosity of the 6.7 GHz methanol emission toward NGC 4945 is a factor of 6000 greater than that observed on the same linear scale toward the centre of the Milky Way ). This, combined with the 6.7 GHz methanol emission being blueshifted with respect to the dense molecular gas we can essentially rule out the possibility of it being due to a large number of Galactic-like 6.7 GHz methanol masers. We have imaged both the continuum emission (extracted from the line-free channels in the image cubes) and the integrated emission from each of the transitions. In all cases we see the integrated line emission (or absorption) peaks at essentially the same location as the continuum emission. Figure 2 shows that the integrated emission from the 6.7 GHz methanol and 5.3 GHz methanimine transitions peak at the the same location as the 6 GHz radio continuum. Although the angular resolution is low, it is also clear that both the 6.7 GHz methanol emission and the methanimine emission are offset from the 36.2 GHz class I methanol masers (McCarthy et al. 2017 (McCarthy et al. , 2018 . Images of the integrated 5.0 GHz methanol, recombination line transitions and the 6 GHz OH absorption, all look very similar.
The detected 6.7 GHz methanol emission is many orders of magnitude stronger than expected for thermal emission, but is also inconsistent with Galactic-like star formation masers, as it is far too diffuse. To determine the nature of the methanol emission detected in NGC 4945 we need to investigate the level populations for methanol and compare them to the expectations for thermal emission (LTE distribution). Combining the data for the four methanol transitions presented here with the data for the 4 −1 -3 0 E, 7 −2 -8 −1 E and 1 0 -0 0 A + transitions (36.2 GHz, 37.7 GHz and 48 GHz, respectively; McCarthy et al. 2018) , we have constructed a rotation diagram (see Figure 3) . The data from McCarthy et al. (2018) have been convolved to the same angular resolution as the current observations and resampled to a spectral resolution of 12 km s −1 . Using the same conservative approach as for our nondetected transitions we place upper limits on the 36.2, 37.7 and 48.3 GHz transitions over the velocity range of the 6.7 GHz emission of 420, 350 and 980 mJy km s −1 . The rotation diagram shown in Figure 3 follows the approach outlined in appendix B of Martín et al. (2006) . For emission from optically thin lines at LTE the points in Fig. 3 should follow a straight line with a negative slope. The slope of the line is proportional to the inverse of the rotational temperature of the gas. The rotation diagram shows the upper limits for the 48.3 and 36.2 GHz methanol transitions are significantly lower than the detections in the 5.0 and 6.7 GHz transitions, hence there is no straight line with a negative slope that can be fit to the detections and respect the upper limits. This reflects in a quantitative manner, the qualitative argument of the previous paragraph and provides strong evidence that the 6.7-GHz methanol emission we observe is a maser, albeit a very different type of 6.7 GHz methanol maser compared to those observed in Galactic high-mass star formation regions.
A new class of object -a methanol kilomaser?
Extragalactic water maser emission can be categorised into megamaser and kilomaser sources. The megamaser sources are associated with the central region of the host galaxy, either in disk structures within a parsec of the nucleus (e.g. Greenhill et al. 2003) or associated with jets (e.g. Peck et al. 2003) . Water kilomaser sources are associated with high-mass star formation regions (e.g. Darling et al. 2008) and are similar to the most luminous Galactic water masers in regions such as W49N. The integrated 6.7 GHz methanol luminosity we detect toward NGC 4945 is around four orders of magnitude stronger than that observed in typical Galactic star formation regions and as discussed in §4.1 it appears to be very different from Galactic 6.7 GHz masers. The location of the 6.7 GHz methanol emission, projected against the central continuum emission (Fig. 2) and blueshifted with respect to the systemic velocity, suggests that it is located in the foreground, in material that is outflow- ing from the central region of NGC 4945 with a lineof-sight velocity component of several hundred km s −1 . Within the Milky Way, the 6.7 GHz methanol transition is exclusively associated with high-mass star formation (Breen et al. 2013) and is radiatively pumped (e.g. Sobolev et al. 1997) . Class I methanol masers, such as the 36.2 GHz transition are associated with outflows and expansion shocks, but with a small number of exceptions (e.g. Voronkov et al. 2010) , they generally have velocities within a few km s −1 of the systemic velocity (Voronkov et al. 2014) . Figure 2 shows that the peak of the 6.7 GHz emission is significantly offset from the 36.2 GHz class I methanol masers detected by McCarthy et al. (2017 McCarthy et al. ( , 2018 , and that, combined with the velocity difference (the 36.2 GHz emission is narrow and peaks at a velocity of 674 km s −1 ), suggests that it is very unlikely that the two are related.
The spectra of the 6.7 GHz methanol emission and the 5.3 GHz CH 2 NH are not well fit by a single Gaussian profile (see Fig. 1 ). The flatter central area and sharper edges (particularly on the blue-end), are more consistent with a spectral profile with intensity as a function of velocity I(v) of the form
expected for spherical outflow with a constant velocity v 0 (e.g. Liu et al. 2013) , where A is the amplitude, v cent is the central velocity of the emission and the parameter α is related to the optical depth. We suggest that the 6.7 GHz methanol emission traces the blueshifted component of an outflow that is reasonably well approximated as being spherically symmetric and constant velocity. In other words, it is associated with gas that has been entrained by the superwind outflow detected in optical lines by Moorwood et al. (1996) and is amplifying the background continuum emission, with the redshifted component either absent due to the lack of background emission, or obscured by optically thick material in the centre of NGC 4945. We have fitted both the 6.7 GHz methanol and the 5.3 GHz CH 2 NH emission with a spherical outflow profile (red curves in Fig. 1 ). These profiles are symmetric about the systemic velocity, however, as all the emission from these transitions is blueshifted, we expect a better fit to the blueshifted side of the profile than the redshifted, and that is clearly the case for the 6.7 GHz methanol emission. A commonly-held view of interstellar masers is that they are high brightness temperature objects, being both intense and very compact. Galactic OH, water and class II methanol masers associated with star formation regions; OH, water and SiO masers associated with evolved stars and the majority of water megamasers all match this description. However, the maser process simply requires a population inversion and some extragalactic masers, such as 1667 MHz OH, formaldehyde and class I methanol masers appear to be due to relatively weak emission over large volumes, rather than strong, compact emission regions (e.g. Klöckner & Baan 2004; Baan et al. 2017; Chen et al. 2018) . In many cases there is evidence for amplification of background continuum emission (e.g. Klöckner & Baan 2004; Baan et al. 2017) . Some water megamasers have been found to be associated with nuclear outflows (e.g. Peck et al. 2003 ) and a number of OH megamaser sources show blueshifted wings in the 1667 MHz OH emission that extend well beyond the velocity range of the Hi profiles (e.g. Baan et al. 1989; Darling & Giovanelli 2000) , although in all cases the strongest emission is close to the systemic velocity, while for formaldehyde megamasers emission is centred on the systemic velocity (e.g. Baan et al. 2017) . So the detection of methanol emission associated with a nuclear outflow, while not previously known, does share some similarities with other well-studied extragalactic maser species.
With limited information currently available on the angular scale of the 6.7 GHz methanol emission we can place a lower limit on the optical depth of τ > −0.004, assuming a filling factor of 1 for the foreground molecular gas with respect to the continuum. Further sensitive, follow-up observations with modest angular resolution are required to better characterise the linear scales on which the 6.7 GHz methanol emission is arising and its location with respect to other morphological features of the host galaxy. The presence of emission from the 5.0 GHz 3 1 -3 1 A ± K-doubling transition of methanol toward NGC 4945 is also unexpected. This transition has previously only been detected toward one source (Sgr B2 ; Robinson et al. 1974) , despite a number of subsequent sensitive searches (see Chipman et al. 2016 , and references therein). Furthermore, it was classified as a potential class I maser transition by Cragg et al. (1992) and in general we do not expect to see class I and class II methanol masers inverted within the same volume of gas, because the former requires collisional pumping and the latter radiative pumping. Voronkov et al. (2005) did detect weak 6.7 GHz methanol maser emission apparently coincident with strong 25 GHz class I methanol masers toward Orion OMC-1 and they showed that it is possible for the 6.7 GHz transition to be inverted simultaneously with some class I transitions in the case where there is cool dust (T∼60K), intermixed with the gas. It is not clear whether the 5.0 GHz methanol transition will be inverted in these conditions and in general this remains an area of methanol maser modelling which has to date, received little attention. It will be important to undertake further observations to determine whether the 5.0 and 6.7 GHz methanol emission does arise from the same location (as suggested by the current low resolution observations). In addition, sensitive, high resolution observations of millimetre molecular transitions are required to better characterise the physical properties of the gas that is producing the 6.7 and 5.0 GHz methanol emission. The compact array component of ALMA would seem to be the ideal instrument for this.
The most sensitive large-scale search that has been undertaken for extragalactic 6.7 GHz methanol emission was made by (Darling et al. 2003 ) towards a sample of 25 OH megamaser sources in the redshift range z = 0.11 -0.25. That survey was made using the Arecibo 305 m telescope and had an RMS noise level of around 0.6 mJy with a 7 km s −1 velocity resolution. The Darling et al. (2003) search did not make any detections, however, as the sources they targeted are about a factor of 100 more distant than NGC 4945, even with their superior sensitivity, they are only sensitive to emission with an intrinsic peak intensity a factor of around 500 greater than we observe for NGC 4945. So we can infer that at least in OH megamaser host galaxies (ULIRGs), any 6.7 GHz emission is no more than two to three orders of magnitude stronger than that observed in NGC 4945. The apparent association of the methanol emission with outflowing molecular gas suggests that nearby galaxies where similar outflows have been observed may offer the best prospect for further extragalactic 6.7 GHz methanol detections.
CONCLUSIONS
We have made the first detection of emission from the 6.7 GHz methanol transition outside the local group of galaxies. A number of lines of argument suggest that the emission is likely to be a maser, although of a very different nature to the 6.7 GHz methanol masers associated with Galactic high-mass star formation regions. Because this emission has an integrated luminosity around a factor of 10000 stronger than typical Galactic masers from the same transition we refer to it as a kilomaser. Further observations are required to refine where the 6.7 GHz kilomaser is located and the physical conditions of the associated gas. Until we are able to obtain such information it is very difficult to predict how common 6.7 GHz methanol kilomasers might be, nor which galaxies are likely to host them.
